The present work provides an analysis of the hydromagnetic nanofluid boundary-layer flow over a rotating disk in a porous medium with a constant velocity in the presence of hall current and thermal radiation. The governing PDE system that describes the problem is converted to a system of ODE by the similarity transformation method, which solved analytically using optimal homotopy asymptotic method. The velocity profiles and temperature profiles of the boundary-layer are plotted and investigated in details. Moreover, the surface skin friction, rate of heat transfer are deduced and explained in details.
Introduction
The problem of rotating disk in a fluid has attracted the attention of many researchers for its applications in industry such as manufacturing and using computer disks, crystal growth processes, rotating viscometer, rotating machines, etc. The classical problem of rotating disk was investigated by Von Karman [1] , He has reduced the Navier-Stokes equations for steady flow to a set of ODE. Such equations can be solved using an approximate integral method. Such results were further improved by Cochran [2] , Benton [3] , and Rogers and Lance [4] they extended the problem to the flow starting impulsively from rest. Edrogan [5] has analyzed the unsteady fluid flow by non-coaxial rotations of a disk and a fluid at infinity. Turkyilmazoglu [6] extended the work of them by considering a magnetic field. While Sheikholeslami et al. [7] studied the nanofluid flow and heat transfer due to a rotating disk. Elbashbeshy and Eman [8] have studied the effect of thermal radiation and heat transfer over an unsteady stretching sheet. Recently Hayat et al. [9] have studied the MHD steady flow of viscous nanofluid due to a rotating disk with partial slip.
A nanofluid is fluid in which solid nanoparticles with the length scales of 1-100 nm are suspended in conventional heat transfer basic fluid. Such Nanoparticles enhance thermal conductivity and convective heat transfer coefficient of the base fluid significantly. Nanofluids plays an important role in rising thermal conductivity of many fluids which have already low thermal conductivity such as water, ethylene glycol, oil, etc. Choi and Eastman [10] have firstly used the nanoparticles to enhance thermal conductivity of fluids and heat transfer rate. Nanofluids have very important industrial applications. Such fluids used to increase the heat transfer rate of microelectronics and microchips in computer devices. The study of MHD flow has many physical applications as well as industrial applications such as generators and pumps. The interaction between the electrically conducting fluid and magnetic field affects the boundary-layer flow. The MHD layers observed in many technical systems employing liquid metal and plasma flow transverse of magnetic fields. Liron et al. [11] deduced a solution for the MHD boundary-layer equations using Meksyn's method. Elbashbeshy et al. [12, 13] investigate the effect of thermal radiation on the nanofluid boundary-layer over a moving cylinder and non-flat moving surface, respectively. Makinde et al. [14] studied the MHD flow of variable viscosity nanofluid over a stretching surface. Khamis et al. [15] studied the unsteady MHD flow of variable viscosity nanofluid in a porous pipe with buoyancy. Makinde et al. [16] studied the effect of viscous dissipation and Newtonian heating on boundary-layer flow of nanofluids over a flat plate. Motsumi et al. [17] studied effects of thermal radiation and viscous dissipation on boundary-layer flow of nanofluids over a permeable moving flat plate. Rashidi et al. [18] studied the entropy generation in steady MHD flow due to a rotating porous disk in a nanofluid. The hall current effect on the MHD boundary-layer and the viscous dissipation studied by Chauhan et al. [19] , Babaelhi et al. [20] , and Sheikholeslami [21] , The present study discusses the effect of thermal radiation on the MHD boundary-layer over a rotating disk in the presence of hall current and joule heating. The governing boundary-layer equations transformed to a system of non-linear-coupled equations and solved by the optimal homotopy technique [22, 23] .
Formulation of the problem
Consider a steady-laminar flow of an electrically conducting nanofluid with hall current effect induced by a non-conducting rotating disk at z = 0. The disk rotates with constant angular velocity, Ω, about the z-axis. Fluid is assumed to fill the porous medium. Components of the flow velocity are (u, v, w) in the direction of increasing (r, φ, z), respectively. Consider also that a uniform magnetic field of strength, B o , is applied normal to the plane of the disk. Thermal radiation with heat flux, r q , is taken into consideration. The surface of the rotating disk has uniform temperature, T w , while temperature far away from the surface is T ∞ , fig. 1 . 
The properties of nanofluid defined [9] :
where φ is the solid volume fraction, subscript, s, is for nano-solid-particles, and subscript, f, is for base fluid. The fluid is considered to be gray, absorbing-emitting radiation but non-scattering medium and the Rosseland approximation is used to describe the radiative heat flux in the energy equation. By using Rosseland approximation for radiation radiative heat flux is simplified as: T in a Taylor series about T ∞ while higher order terms are neglected we get:
Similarity transformations
We look for a similarity solution of eqs. (1)- (5) subjected to the boundary conditions (6) and (7) of the following form:
where η is the similarity variable. Substitute eq. (8) into eqs. (2)- (5), the following system of non-linear ODE is obtained in the form: 
where the prime denotes differentiation with respect to η and:
The transformed boundary conditions of the problem are:
Re /
r Ω ν = -the Reynold number, and
-the radiation parameter.
Analytical solution using optimal homotopy asymptotic method
In this section, the optimal homotopy asymptotic method (OHAM) is applied to non-linear ODE (11)- (13) with the boundary conditions (14) and (15) with the following assumptions:
is an embedding parameter, ( ) i p  -a non-zero auxiliary function, and i C -the constants.
( ) 
Collecting the same powers of p, and equating each coefficient of p to zero, we obtain a set of differential equations with the associated boundary conditions. Solving differential equations with the boundary conditions, the general solution of (11)- (13) can be determined as folows.
-Zero order equations p
Re 
Solving differential eqs. (16)- (24) with the associated boundary conditions, the general solution of (11)- (13) can be written in the form:
The residual equations for the problem obtained in the form: 
The optimal unknown constants 1 2 3 4 5 , , , , C C C C C , and 6 C can be obtained from the conditions: 
The physical quantities of interest are the local friction coefficients, C f and C g , and the local Nusselt number. Physically, C f and C g represent the dimensionless surface shear stresses, Nusselt number define the dimensionless heat transfer rate.
( ) ( ) ( )
The final dimensionless forms are: 
Results and discussion
Analytical solutions are obtained for the radial and transversal velocities and the temperature of the viscous dissipation nanofluid boundary-layer over a rotating disk subjected to magnetic field with hall current and thermal radiation as external forces. Due to similarity solutions, the nanoparticles concentration, , Figures 2-4 show the effect of the nanoparticles concentration on the radial velocity, transverse velocity, and the fluid temperature. It is clear that the increase of nanoparticles concentration increases the radial velocity and the temperature of the boundary-layer over the rotated disk. In contrast, there is no considerable effect of the nanoparticles concentration on the transversal velocity as shown in fig. 2 . Table 3 presents the velocities gradient and temperature gradient over the disk surface and the corresponding values of surface skin friction and the rate of heat transfer for different concentrations of the nanoparticles. It is clear that the increasing of the concentration increases the skin friction over the disk surface in both of radial and transversal directions. Moreover, one can observe that the rate of heat transfer is reduced by the increase of concentration. Such behavior indicates that the viscous dissipation has a direct effect on the temperature gradient, such that the presence of kinematic viscosity of the nanoparticles decreases the temperature gradient at the surface.
The effect of nanoparticles concentration

The effect of magnetic field (Joule heating)
The effect of magnetic field appears in this study through the Hartmann number. The effects of this number on the boundary-layer velocities are shown in figs. 5 and 6 such that one can observe that the increase of Hartmann number decreases the velocity in both of radial and transversal directions. Moreover, the profile of the radial velocity refers to an increasing of the CuO-water velocity near the disk surface in comparison to that of Al 2 O 3 -water but the opposite is true for the transversal velocity. On the other hand, the impact of Joule heat on the thermal boundary-layer appears through the Hartmann number. It is clear from fig. 7 that the presence of Joule heating increase the nanoparticles motion which, respectively, increase the boundary-layer temperature.
The effect of Hall current. Figures 8-10 show the effects of Hall current on the boundary-layer velocities and temperature. It is clear that the increase of the Hall current parameter, m , increases the radial velocity but decreases the transversal velocity and temperature. Moreover, one can observe that the impact of this parameter is clear and effective on the radial velocity compared to the transversal velocity. Figure 9 shows that the impact of Hall parameter on Al 2 O 3 -water is higher than that on CuO-water. Tables 4 and 5 show the effect of magnetic field with/without Hall current on the skin friction and the rate of heat transfer, it is clear that the presence of magnetic field without Hall current decreases the radial velocity gradient and increases the transversal velocity and temperature gradient. Such behavior results in decreasing the skin friction in the radial direction, increasing the skin friction in the transversal direction and increasing the rate of heat transfer. The skin friction along the transversal direction and the rate of heat transfer have no change in behavior in the presence of magnetic field with Hall current but the main change appears in the radial direction such that the value of skin friction in this direction increases with the increase of Hartmann number.
The effect of porous medium
The effect of the permeable medium considered in the study is taken from the porosity parameter. Figures 11-13 show the impact of λ on the velocities and temperature of the boundary-layer. It is clear that the velocities in the both direction decrees by the increase of λ . On the other hand, considering λ increases the temperature. One can also observe that the effect of this parameter on the temperature is clear in the case of Al 2 O 3 -water more than the case of CuO-water.
Rate of heat transfer and the transverse skin friction both increase by the increase of λ as shown in tab. 5 and the opposite is true for the radial skin friction. Figure 14 show the effect of Eckert number and radiation parameter on the boundary-layer temperature. Eckert number is the ratio between the flow's kinetic energy and the enthalpy. According to the profile of the temperature, the increase of Eckert number increases the kinetic energy that consequently increases the temperature. The same effect appears in fig.  15 for the radiation parameter, R d , such that increasing the R d decreases the mean absorption coefficient, which consequently increases the temperature. Table 6 shows the effect of Eckert number and radiation parameter on the temperature gradient. It is clear that the temperature gradient decreases in the presence of any of them. 
The effect of viscous dissipation and thermal radiation
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Conclusions
In this paper, we have studied analytically the magnetic field with Hall current and Joule heating, viscous dissipation effects on flow and heat transfer over a rotating disk into porous medium consists of water with two types suspended nanoparticles. The following results are obtained.
y From the profiles showed the radial velocity of the flow over the rotation disk increases in the presence of Hall current and the increasing of nanoparticles concentration. While the opposite effect appears in the presence of magnetic field and porosity parameters. y The transversal velocity of the flow over the rotation disk decreases in the presence of Hall current, magnetic and porosity parameters. y Boundary-layer temperature increases with the increase of nanoparticles concentration, porosity parameter, Eckert number, and radiation parameter. y Rate of heat transfer over the disk increases in the presence of magnetic field and decreases with the increase of Hall current. y The effect of Hall current is clearer and bigger on the radial skin friction than that on the transverse skin friction. 
